Narezushi is one of Japanese traditional foods and is made by fermenting salted fish meat and cooked rice together. In this study, the microbial diversity of samma-narezushi (narezushi using saury, Cobolabis saira) was analyzed by the 16S ribosomal RNA gene (rDNA) clone library. Randomly selected 89 clones were sequenced and phylogenetically analyzed. The sequences were classified into 12 operational taxonomy units (OTUs) at the 97% identity threshold.
INTRODUCTION
Narezushi is a fermented fish food widely found in South-East and North-East Asia and is made by fermenting salted fish meat together with cooked rice for a certain period (Ishige, 1993) . It is processed as a preserved food mainly by lactic fermentation, and the long preservation period of the perishable proteinaceous food is achieved by lowering the pH (Cooke et al., 1993) . Prototypically, narezushi was fermented for a long period. This type of narezushi in Japan is now known as funazushi and is fermented over 6 months (Isobe et al., 2002) . At the present day, narezushi that is fermented for 5 d to a couple of months is commonly found in Japan. This kind of narezushi is known as nama-narezushi and is found in various regions in Japan. In Mie prefecture, Japan, nama-narezushi is made using various kinds of fish, such as samma (saury, Cobolabis saira), ayu (sweetfish, Plecoglossus altivelis altivelis), konoshiro (spotted sardine, Konosirus punctatus), and saba (mackerel, Scomber japnicus), and produced as ritual or celebratory food. Since narezushi is empirically known as an intestinal regulator, narezushi is recognized as a functional food. Therefore, narezushi is considered as an important food for health as well as a culturally important food in the region where narezushi is consumed.
The nucleotide sequence of the 16S ribosomal RNA gene (rDNA) provides essential information for the current identification of bacteria and a considerable number of sequences has been accumulated in the public nucleotide database. The PCR-derived clone library method using the 16S rDNA sequence is the first step for the diversity analysis of an unknown microbial ecosystem. This approach allowed us to perform an encompassing analysis of the microbial community in the various environments. Recently, the bacterial community structure in Kimchi, a Korean The OTUs showed similarity to Rahnella aquatilis (7 clones) , Acinetobacter johnsonil (1), A. junii (1), and Pseudomonas putida (1). These were minor components in the library. The sequence similarities were ranged between 98-99%. I tau et al. (2006) reported time course changes in chemical components in the fish meat and rice of mackerel narezushi, which is a prototypical narezushi, during the fermentative process. The amount of lactic acid in the mackerel narezushi was about 2 g/100 g in both the fish meat and rice portion at 20 d. These values are higher than that of sammanarezushi examined in this study (0.63 g/100 g in the fish meat and 0.99 g/100 g in the rice) with almost the same fermentation period. The difference would be due to the mackerel narezushi being pickled under high temperatures in summer (from May to September). The amount of lactic acid in the mackerel narezushi finally reached 5 g/100 g (fish meat) and 3.3 g/100 g (rice) at 120 d fermentation. Fermentation under high temperatures and over a long term increased the lactic acid content in the mackerel narezushi. Difference in the lactic acid content causes the difference in the taste of narezushi.
DISCUSSION
Homology search and phylogenetic analysis showed that L. sakei was the most abundant and L. gelidum was second abundant bacterial species in the clone library derived from bacterial community of samma-narezushi (Table 2 and Fig. 1) . A previous study showed that L. plantarum, L. alimentariu, L. coryniformis, and Streptococcus lactis were isolated from saba-narezushi, another kind of nama-narezushi (Fujii et al., 1992) . In the present study, these LABs were not detected. Differences in the composition of LAB species between two kinds of narezushi may be due to the difference in the kind of fish meat or difference in the manufacturer. In a recent study of funazushi, a prototypical narezushi, L. buchneri was predominant species of LAB (Isobe et al., 2002) . Funazushi is an original type of narezushi that is fermented for longer than 6 months. Also, the fermentation process is started from summer. Therefore, fermentation is further progressed than in namanarezushi. The difference in the predominant LAB species between funazushi and samma-narezushi may be due to the fermentation period, kind of fish meat, and season. Our results together with previous results suggest that bacteria that belong to the genus Lactobacillus play important roles in the fermentation of narezushi. L. sakei is a lactic acid bacterium widely represented in the natural flora of fresh meat and is considered as an important microorganism in the food industry (Chaillou et al., 2005) . L. sakei is able to grow under low temperatures or in the presence of NaCI (Marceau et al., 2004) . The fermentation process of samma-narezushi is carried out during the winter season. Also the fish meat is salted before fermentation. These factors would support growth of L. sakei and the species became the predominant species in the microbial community of sammanarezushi. Clones affiliated to L. gelidum were second most abundant in the present study (Table 2 and Fig. 1 ). L. gelidum was the predominant species in kimchi prepared at low temperatures (Kim et al., 2000) . Like in the case of L. sakei, low temperature fermentation of samma-narezushi would support the growth of L. gelidum.
Proteolytic activities of LAB play a major role in the development of flavor and texture in fermented dairy foods and sausages (Champomier-Verges et al., 2002) . Proteases and aminopeptidase acitivies of some L. sakei strains in pork muscle sarcoplasmic and myofibrillar proteins were demonstrated, and crude cell extract inoculation in meat extracts resulted in the accumulation of glutamic acid and alanine (Champomier-Verges et al., 2002) . L. sakei may contribute to the flavor and texture of fish meat in samma-narezushi. L. sakei is known as one of the most important microorganisms for meat preservation and fermentation (Champomier-Verges et al., 2002) . Glucose fermentation by L. sakei is homolactic. The decrease in pH is of major importance for hygienic safety and determines the quality of the fermented products. In addition to this, 3 bacteriocins: sakacin A, sakacin P and lactocin S are produced by L. sakei isolates. Since some strains of L. sakei showed antimicrobial activities against meat spoilage microorganisms, these L. sakei strains are expected to be used as a protective culture in the production of cooked meat (Vermeiren et al., 2004) . L. gelidum UAL187 is known to produce a bacteriocin, leucocin A (van Belkum and Stiles, 1995) . Our results showed the predominance of L. sakei and L. gelidum in samma-narezushi (Table 2) . These bacteria may contribute to the suppression of undesirable bacteria. Bacteriocins of LABs also show antimicrobial activities against LABs (ChampomierVerges et al., 2002; van Belkum and Stiles, 1995) . Therefore, competition between LAB and LAB, and between LAB and other bacteria is possible.
Four OTUs showed homology to 7 -proteobacteria ( Table 2) . One of the OTUs that showed high similarity to R. aquatilis was found in the library. R. aquatilis has rarely been associated with infection in humans. Therefore, the bacterium is not considered as harmful. OTUs that belong to Acinetobacer junii and A.
Johnsonii were also found in the library. Bacteria that belong to the genus Acinetobacter are isolated from soil, water, sewage, human skin and a large variety of foodstuff. P. putida is isolated from soil and water. Because proportions of the clones of these OTUs were small, there would be little contribution of these bacteria to the fermentation of narezushi.
In summary, it is shown that the culture independent technique can be successfully applied to diversity analysis of bacteria in samma-narezushi and it is highly possible that L. sakei plays an important role in the fermentation and preservation of sammanarezushi. Further study is needed to clarify the role of L. sakei in the fermentation process, preservation, and the development of flavor and texture.
